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In a meeting held on March 7, 1973, the Division of Research was requested to perform a 
supplementary slope stability analysis of the unstable, eastern approach embankment and foundation 
located at the crossing of the Bluegrass Parkway over Chaplin River and extending between Stations 
2317+14 and 2321 +00. Previously (see referenced report), two remedial schemes had been considered 
for increasing the stability of the unstable soil mass to an acceptable level. Those included: 1) loading 
the toe area of the existing, eastern approach slope with a berm, including a sloping berm, and 2) unloading 
the upper portion of the eastern slope by excavation, that is, decreasing the original approach slope 
(1.5 horizontal to I vertical), which would require an extension of the bridges, construction of piers 
at the present locations of the abutments and a relocation of the abutments. 
In the report cited, consideration was given primarily to using a berm to stabilize the eastern approach 
slope. Normally, that method of increasing the stability of an unstable embankment is the most 
economical. However, loading the toe area of the existing slope with a berm was considered undesirable 
in the meeting of March 7, 1973, because a berm would extend into the Chaplin River channel and 
alter channel hydraulics by constricting the channel area. Furthermore, there was a question of whether 
the berm materials could withstand the high velocities of Chaplin River. Consequently, an in-depth stability 
analysis was performed which involved excavation of the approach embankment and a relocation of 
the abutments. 
In the slope stability analysis involving the second scheme, several cut-slope configurations were 
analyzed to determine the best configuration having an acceptable safety factor (1.5). Efforts were made 
in the analysis to keep the span lengths of the proposed bridge extensions to a minimum. Results of 
the slope stability analyses of Scheme 2 are tabulated in Table I. The various abutment relocations 
and slope configurations considered in the analyses are illustrated in_ Figure 1. In performing the analyses, 
both peak and residual shear strength parameters obtained previously (see referenced report) were used. 
Those parameters are tabulated in Table 2. All slope stability analyses were performed using a computer 
program based on Bishop's Simplified Method of Slices. Critical shear surfaces (the surface in a particular 
problem having a minimum value of safety factor) were located by the program's grid type, search 
operation. 
Cases I, 2, and 3 in Table 1 consider cut slopes of 2 horizontal to 1 vertical, 3 horizontal to 
1 vertical and 3.5 horizontal to I vertical, respectively. Minimum safety factors based on peak shear 
strength and corresponding to these slopes are 1.09, 1.35, and 1.46; based on residual or ultimate shear 
strength, the corresponding safety factors were 0.87, 1.00 and 1.00, respectively. Both sets of safety 
factors were plotted as a function of abutment relocation (horizontal distance measured back from the 
end of the present abutment location, Station 2317+95) as shown in Figure 2. As shown by the bottom 
curve, relocating the abutment beyond a distance of approximately 70 feet or flattening the approach 
slopes to values more than 3 horizontal to 1 vertical do not increase the residual safety factor appreciably. 
Furthermore, slopes of 3 horizontal to 1 vertical or flatter do not increase the residual safety factor 
beyond a value of 1.00. In contrast, however, as shown by the top curve in Figure 2, there is an appreciable 
gain in the safety factors based on peak shear strength for slopes flatter than 3 horizontal to 1 vertical. 
From a design standpoint, the 3 horizontal to 1 vertical, or steeper slopes, are considered inadequate. 
Based on peak strength, the 3.5 horizontal to 1 vertical slope, which requires an abutment relocation 
distance of 100 feet, increases the safety factor to an acceptable level (1.46 "' 1.50). However, the 
safety factor based on residual shear strength for this slope is considered inadequate. Critical shear surfaces 
for this slope are shown in Figure 3. Additionally, using a slope flatter than 3.5 horizontal to 1 vertical 
would require the abutment to be relocated at a distance greatly in excess of 100 feet, which was 
considered undesirable. Consideration was then given in the analyses to increasing the residual safety 
factor of the 3.5 horizontal to 1 vertical slope to an acceptable design level. 
Concerning an acceptable design safety factor based on residual strength, formal or published 
guidelines are not available. With regard to the residual safety factor, a minimum design value of 1.2 
was adopted. This was based on the assumption that residual safety factor should be above 1.00 and 
on the possibility that shear strength test results may be as much as 20 percent in error. To improve 
the residual stability of the 3.5 horizontal to 1 vertical slope, several schemes were investigated which, 
basically, considered various combinations of berms and( or) a lightweight fill around the abutment. Results 
of these analyses are represented by Cases 4 through 11 in Table 1. 
Case 4 considers a 3.5 horizontal to 1 vertical slope at the lower portion of the fill, a 2 horizontal 
to 1 vertical slope at the upper portion of the fill, the use of lightweight backfill material, and a 68-foot 
relocation distance as illustrated in Figure 1. Both peak and residual safety factors, 1.30 and 0.99, for 
this design are below the specified design safety factors of 1.50 and 1.20, respectively. Case 6 considers 
a 3.5 horizontal to 1 vertical slope (Case 3) and the use of a rock berm located at the toe of this 
slope as shown in Figure 3. An analysis of this design shows that the peak and residual safety factors 
are increased from 1.46 and 1.00 to 1.68 and 1.26, respectively, as shown in Table 1. Critical shear 
surfaces for this odesign are shown in Figure 4. Case 6 is an acceptable design. In Case 5, consideration 
was given to the slope configuration of Case 6 without the rock berm. Such a condition would be 
confronted during construction of the plan of Case 6. The analysis of this condition shows that stability 
would be low during construction. The peak safety factor was 1.14. 
In Case 7, the slope configuration of Case 6 was combined with a light fill material as shown 
in Figure 1. The peak and residual safety factors, 1.38 and 1.21, for this design are marginal. The design 
configurations and critical shear surfaces for this case are illustrated in Figure 5. Analyses were also 
performed considering the berm of Cases 6 and 7 to consist of in-place soil (Cases 8 and 9). As shown 
in Table 1, the factors of safety are somewhat lower. Moreover, an analysis of the in •situ soil berm 
yielded factors of safety of 0.95 and 1.38 based on residual and peak shear strength, respectively (see 
Figure 6). This implies that, although the overall stability of the slope configurations of Cases 8 and 
9 is marginally acceptable, stability of the soil berm (Case 11) itself is undesirable and, in time, might 
fail. Therefore, the berm should be constructed of a high-strength material, that is, a material having 
a minimum ¢'�value of 35°. 
Based on the analysis presented herein, stability of the eastern bridge approach embankment can 
be increased to an acceptable level using the slope configuration of Case 6, Figure 4. It is recommended 
that the existing slope of 1.5 horizontal to 1 vertical be flattened to a 3.5 horizontal to I vertical 
and that the bottom portion of the latter slope be excavated as shown in Figure 4. It is also recommended 
that a rock berm be constructed at the toe of the 3.5 horizontal to 1 vertical cut slope to dimensions 
shown in Figure 4. Materials to be used in the berm should have a minimum ¢'-value of 35°. Excavation 
at the toe of the slope should be done cautiously. Only small portions of the toe area should be removed 
at a time; these areas should be backfilled immediately with the rock berm material. The face of the 
rock berm up to maximum flood elevation should be protected with a rip rap blanket measuring at 
least two feet in thickness. Perforated pipe should be installed in the lower portion of the berm to 
minimize the effect of rapid drawdown. Implementation of this plan would relocate the abutments at 
Station 2318+94, a distance of I 00 feet behind the present location of the abutments. Subsurface 
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exploration should be accomplished for a distance of at least 125 feet from the present location of 
the abutments to ensure sufficient coverage. 
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TABLE I 
SUMMARY OF SWPE STABIUTY ANALYSES 
ABUTMENT FACTOR OF SAFETY 
RELOCATION PEAK CASE 
NUMBER DESCRIPTION STRENGTH 
Straight 2: 1 Slope Excavation. 
2 Straight 3: 1 Slope Excavation. 
3 Straight 3.5:1 Slope Excavation. 
4 Straight 3.5:1 Slope Excavation with lightweight material 
backfill around abutment. 
5 Same as Case 3 but with additional excavation at toe to 
allow for rock berm backfill. 
6 Same as Case 5 with Rock Berm at 2: 1 slope and top 
elevation of 626 feet. 
7 Same as Ca,se 6 but with the lightweight fill around the 
abutment as in Case 4. 
8 3.5:1 Slope with Soil Berm at 2:1 slope and top elevation 
of 626 feet. See Case 11. 
9 Same as Case 8 with lightweight fill around the abutment 
as in Case 4. 
I 0 Stability of Lightweight Fill only. 
11 Stability of Soil Berm only. 
TABLE 2 
23 ft. 1.093 
74 ft. 1.348 
99 ft. 1.459 
68 ft. 1.302 
1.144 
99 ft. 1.682 
68 ft. 1.358 
99 ft. 1.681 
68 ft. 1.358 
1.358 
1.382 
SUMMARY OF SHEAR STRENGTH PARAMETERS FROM 
CONSOLIDATED-DRAINED, DIRECT SHEAR TESTS 
PEAK RESIDUAL 
SOIL ' rp' c' rp' c 'Yt 
(psi) (pel) (psi) 
Embankment 0 28.2" 129 0 25.3" 
Core 0 28.2" 129 0 25.3" 
Top of Found. 364.3 27" 129 0 22.6" 
Bottom of Found. 108 31.1" 129 75 29.2" 
Lightweight Fill 0 35" 75 0 35" 
Rock Berm 0 35" 130 0 35" 
'Yt 
(pel) 
129 
129 
129 
129 
75 
130 
RESIDUAL 
STRENGTH 
0.866 
0.996 
1.000 
0.990 
1.257 
1.205 
1.168 
1.120 
1.226 
0.954 
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Cut-Slope, Lightweight Fill and Benn ConfJgUrations Considered in Slope Stability Analyses 
Involving the Unloading Scheme Proposed for the Eastern Approach Embankment at the 
Chaplin River Site. 
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Figure 2. Safety Factor as a Function of Abutment Relocation Distance. 
5 
670-
660-
I:: 650-� 640-
z 
0 
- 630-
r-
"' 
> 620-
"' 
-' 
I.Ll 610-
600-
590-
670-
660-
� 
1'-. 650-g 640-
z 
� 630-
r-
;; 620-
w 
� 610-
600-
590-
ROCK 
I 
200 
Figure 3. 
200 
A B 
,700 
I I 
250 300 350 
HORIZONTAL DISTANCE (FEET) 
CAS-E 3 
3.5:1 Slope E-;;cavation 
A: Peak Strength 
B: Residual Strength 
I 
400 
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Figure 4. Critical Shear Surfaces, Case 6. 
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Figure S. Critical Shear Surfaces and Slope Configurations of Case 7. 
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Figure 6. Critical Shear Surfaces for Soil Berm, Case 11. 
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